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A series of f3-methy1-a-nitrostyrenes have been synthesized and subjected to ultraviolet irradiation.

A new technique has been developed for

synthesis of 1-phenyl-1,2-propanedione-l-oxime and its derivatives by
irradiation of the corresponding styrene.

The yields of the oximes were

almost quantitative [except 1-(p-nitropheny1)-1,2-propanedione-1-oxime and
1-(m-nitropheny1)-1,2-propanedione-l-oxime].

It has been found that ir-

radiation of the appropriate styrene is a very simple, efficient, and
general procedure for the synthesis of 1-phenyl-1,2-propanedione-l-oxime
and a number of its derivatives.

A number of derivatives of 6-raethyl--

nitrostyrene (p-CH3, p-C1-130, p-C1, p-NO2, and m-N0.0 were irradiated.

It

was found that the substituent effects on the rearrangement of the styrene
to the oxime were fairly small.

The nitro group attached at the para or

meta position of the phenyl ring appeared to inhibit the rearrangement
and seemed to promote the fragmentation to form the corresponding acid
and aldehyde.

Kinetics studies also indicated that the p-nitro and

m-nitro-0-methy1-13-nitrostyrene showed a slower rate of disappearance
of unsaturated nitro group during irradiation than any of the other
substituents studied.

CHAPTER I

IMHODUCTION

The photochemical rearrangement of a-methyl-B-nitrostyrene(I) was
first observed in 1964 by Chapman and co-workers (1).

Irradiation of

a-methyl-13-nitrostyrene(I) with a mercury arc lamp in solvents such as
styrene and tetramethylethylene gave 1-phenyl-1,2-propanedione-l-oxime(II)
as the major product in approximately 33% yield.

It was later reported

that the highest yields of the oxime were obtained using acetone as the
irradiation solvent (2).

It was postulated that acetone may be acting as

a sensitizer for the rearrangement.
Solvent effects on the photochemical rearrangement of B-methyl-$nitrostyrene(I) have been recently investigated (3).

It was suggested

that acetone might not be a sensitizer for this rearrangement and that
water plays an important role in the reaction.

It was also suggested

that oxygen must be excluded during the irradiation.
During an investigation of substituent effects on the photoisomerization of 5-nitrostyrenes to a-oximinoketones, it was found by Pinhey and
lizzardo (4) that, whereas cis-a-nitrostilbene was converted in high
yield into a mixture of isomers of benzil mono-oxime on irradiation
(pyrex filter, medium pressure mercury arc) in acetone, cis-a,4-dinitrostilbene(III) under similar conditions gave only 38% of the a-isomer of
2-pheny1-2-hydroxyimino-4-nitroacetophenone(IV).
A series of (3-methyl-e-nitrostyrene derivatives were synthesized
with a view to studying the photochemical rearrangement of these molecules
1

2
which have not been previously irradiated [except a-methyl-e-nitrostyrene(I)].

The different oximes were isolated after irradiation.

The

1-(p-nitropheny1)-1,2-propanedione-l-oxime and 1-(m-nitropheny1)-1,2propanedione-l-oxime have not been previously reported in the literature,
but both of these have been isolated from the photochemical rearrangement
of the corresponding styrene.
The purpose of this study was to investigate the substituent
effects on the photochemical rearrangement of e-methyl-a-nitrostyrene
derivatives.

The data have shown that the different functional groups

attached to the phenyl ring at the para or meta position will produce
somewhat different yields of oxime on irradiation.

The rate of dis-

appearance of the unsaturated nitro group on irradiation has also been
investigated.

The nitro group in the para and meta position appears to

seriously hinder oxime formation.

CHAPTER II

HISTORICAL

/ number of methods have been described previously for synthesis of
a0-unsaturated nitrostyrenes.

The most common involves the condensation

of nitroethane (or nitromethane) with an aromatic aldehyde using a variety
of catalysts.
In this procedure, first described by Thiele (5) and later modified
by Worrall (6), a mixture of the aromatic aldehyde and nitramethane in
methanol solution reacts at 10-15°C on addition of concentrated alkali
(KOH in methanol or aqueous NaOH) with the formation of a salt of the
nitroalcohol.

This reaction product is converted into a nitrostyrene

when its aqueous solution is added to an excess of 5N HC1.
Knoevenarel and Walter (7) found that the condensation between
aromatic aldehydes and nitroethane (or nitromethane) proceeded at room
temperature if a small amount of a primary amine was added as a catalyst.
It took about one week for the reaction to ro to completion.

Hass (8)

shortened the reaction time to 9 hours by boilinr a mixture of aldehyde,
nitroethane, amine and absolute alcohol under reflux.

This is illus-

trated in the preparation of a-methyl--nitrostyrene(I).

one mole each

of benzaldehyde and nitroethane, 5 ml of n-butylamine, and 100 ml of
absolute ethanol were refluxed for 8 hours in a 1000 ml round-bottom
flask.

When the contents were cooled and stirred a heavy, yellow, crys-

talline mass formed immediately.

After recrystallization from absolute

ethanol the product weighed 105 g (yield 86.5%).

3
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Worrall and Cohen (9) described an even more rapid modification of
the Knoevenarel procedure for the preparation of 4-dimethylamino-a-nitrostyrene and 1-(4-dimethylaminopheny1)-B-methyl-B-nitrostyrene, which
required only a very short heating period.

Burton and Duffield (10)

found that the condensation of 4-hydroxybenza1dehyde with nitromethane
was best effected with either methylamine or aniline as the catalyst.
The desired compound was produced in

79% yield when a mixture of 4-

hydroxybenzaldehyde, nitromethane and aniline was heated on the waterbath for 1 hour.
lairaud and Lappin (11) found that the most satisfactory general
procedure involved the use of ammonium acetate in 71acial acetic acid
for the condensation of nitroalkanes with substituted benzaldehydes to
give nitrostyrenes.

This procedure was successful for many combinations

of aldehyde and nitroalkane.

The superiority of this method is partic-

ularly evident when nitroethane and 1-nitropropane are used.
There are several ways to prepare 1-pheny1-1,2-propanedione-loxime(II) and its derivatives.
using diazonium derivatives.

W. Borshe (12) developed a synthesis

Pniline was dissolved in dilute hydro-

chloric acid, diazotized by means of sodium nitrite in water, and the
liduid added to a solution of isonitrosoacetone in NaOH at 0°C.

The

addition of acetic acid precipitates 1-pheny1-1,2-propanedione-l-oxime(II)
in approximately 33% yield.

In addition, 1-(p-methylpheny1)-1,2-pro-

panedione-l-oxime was prepared from isonitroacetone and p-toluenediazonium chloride (20%) andlp-methoxypheny1)-1,2-propanedione-l-oxime
was prepared from p-methoxybenzeneiazonium chloride.
Phillip (13) modified this process by adding different catalysts.
Details are given for the preparation of 1-pheny1-1,2-propanedione-loxime(II) from benzenediazonium chloride and isonitrosoacetone in acid

solution using CuSO4 (72% yield), Cu powder (40% yield), ZnSO4 + CuSO4
(55% yield) or MhSO4 (50% yield) as catalyst.

The yield of 1-(p-methyl-

pheny1)-1,2-propanedione-l-oxime was 60% of the theoretical.

The

1-(p-methoxypheny1)-1,2-propanedione-1-oxime was prepared in 50% yield.
Recently, Khalaturnik and co-workers have synthesized aroylalkylenecarbonyl-a-oxime triphenylphosphoranes and hydrolyzed them to
for

oximes (14).

A reaction of HONH2, HC1 and Et0Na with ArCOCOCR:

PPh3 (R=H, Et; Ar=Ph, 4-MeC6114, 4-Me0C6H4, 4-C106H4, 4-Bre6H4, 4-PhC6H4,
2,4-Me2C6H3) in Et0H gave 85-90% of Are (:NOH) COM:PPh3(V).

Hydrolysis

of V with aqueous Et0H gave ArC(:NOH)AC and Ph3P0.
Compounds containing an a,a-unsaturated nitro group have been
studied to undergo a number of reactions on ultraviolet irradiation.

It

is interesting to note that irradiation of some of the a, -unsaturated
nitro compounds caused rearrangement to produce corresponding oximes.
Reid and co-workers have observed a rt.arrangement of this type on heterocyclic nitroalkenes (15).

Irradiation of 3-(2-nitroprop-1-eny1)-

indole(V7) caused rearrangement to an oxindole derivative (VII).

H

(3,

CH
z 3
C =C
\
NO2

hv

VI

Irradiation of 2-(2-nitropro-1-enyl) benzofuran VIII in acetone gave the
6-hydroxy-1,2-oxazine derivative(IX) in 45% yield.

,CH,
''
V

c=c
\
NO
2

hv

-,,

Weinstein and co-workers have found that cis-isomers of 1-phenyl2-nitroalkene exhibit photochromic behavior (16).

A cyclic intermediate

similar in nature to those observed by Reid was postulated.

A new photo rearrangement of nitro-olefins was described by Chapman
and co-workers in 1964 (1).

The nitro-nitrite rearrangement is one of

the most interesting nhotoreactions observed for alpha, beta-unsaturated
nitro-compounds.

Irradiation of a-methy1-8-nitrostyrene(I) in acetone

under nitrogen gives 1-phenyl-1,2-propanedione-l-oxime(II) in 81% yield.
Irradiation in other solvents gave the same oxime in lower yield.
was postulated to be playing the role of sensitizer.

Acetone

The mechanism

postulated by Chapman is shown below:

SL
)

N,

CH
ZCH
3
/ 3
V C H3h„
•
C =-C
--.
C=C
C =C
Z
No2
H
ONO
0—NO
HZ
CH
/ 3
C—C
—0
NO

%
o

NOH

CH
/ 3

C
C-

0
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An analogous rearrangement has been observed on irradiation of
6-nitrocholest-3,5-diene(X).

The compound 3-oximinocholest-4-en-6-one

(XI) was isolated in this case.

by
HON

Irradiation of 6-nitrocho1estery1-3f3-acetate also gave the nitronitrite rearrangement, but the product distribution appears to be highly
solvent dependent.
en-6-one(.I) (38%).

In ethanol the major product was 3-oximinocholest-4The oxime(XT) was isolated in lower yield (22%) from

the irradiation in acetone.
oxime(XI).

Irradiation in cyclohexane failed to produce

Reid also found the yield of oxime(XI) to be independent of

the wavelength of light employed (pyrex vs quartz filters).
Compounds such as 9-nitroanthracene(XII), 1-nitro-2,3-dimethylnaphthalene and 1-nitro-2-methylnaphalene also undergo a nitro-nitrite
rearrangement on irradiation.

Irradiation of 9-nitroanthracene(XII) in

acetone gave 10,10'-bianthrone(XIII), anthraquinone(XIV), and anthaquinone monooxime(XV).

0

II
0
XTV
0

N 0H

R. Hunt and S. T. Reid have also reported the photorearrangement in
heterocyclic systems (15).

Irradiation converts a-nitrofuran(XVI) and

a-nitropyrrole(XVII) into 3-hydroxyimino-2-oxo-2,3-dihydrofuran(XVIII)
and 3-hydroxyimino-2-oxo-2,3-dihydropyrrole(XIX) respectively.

NOH

NO
hv
•I‘j*0
XTX
It has been postulated that the nitro group must be out of the
plane of the ring or double bond in order for nitro-nitrite rearrangement
to occur (2, 17).

This would permit (in the n-4.7* excited state) the

overlap of the half-vacant nonbonding orbital of the nitro p„roup with
the adjacent o

.
ital of the double bond or the ring)

This overlap leads to the formation of an oxaziridine ring (XX) which
collapses to the nitrite.

0

N.

ONO

No

Recently, the photochemical rearrangement of 43-methy1-13-nitrostyrene(I) has been studied in a number of solvents (3).

It has been

found that several solvents (glacial acetic acid, ethanol and 2-propanol)
gave yields of 1-phenyl-1,2-propanedione-l-oxime(II) higher than that
recorded for acetone (which has been reported to sensitize the nitronitrite rearrangement) (2).

Essentially quantitative yields of 1-phenyl-

1,2-propanedione-l-oxime(II) were obtained on irradiation of 5-methy1-6nitrostyrene(I) in aqueous acetone, ethanol and methanol.

The yield of

oxime obtained in diethyl ether was increased from 45% to 85% by the
addition of approximately 1% water to the solvent prior to irradiation.
Water may well function to catalyze the rearrangement of the
nitrosoketone to the oximinoketone.

The smooth rearrangement observed

in aqueous media may be attributed to the formation of an excited
dipolar C-nitroso species of the type postulated by Chow et al (18).

C
H

N0
z 2

C

hv

CH
/ 3

H
I
—

CH3

0

hv
H0
2

0

0
—I — C —C H3 +

H0
2

N OH
7T

The facile rearrangement should prevent photodisproportionation and
dimerization of the nitrosoketone.

It is also possible that water is

acting directly upon the excited state of the nitrostyrene.

The effect of oxygen on this rearrangement was also studied.

10
The

irradiation of 13-methyl-f3-nitrostyrene(I) in aqueous ethanol under a
continuous stream of 0 gave 1-phenyl-1,2-propanedione, benzaldehyde and
2
benzoic acid as the major products.

The oxime(II) could not be detected

in the reaction mixture.
The photorearrangement might be sensitive to substituents on the
benzene ring of [3-methyl-13-nitrostyrene(I) since a benzyl-type radical
is postulated as an intermediate in the nitro-nitrite rearrangement.
Unfortunately, not much work has been done in this area.
Pinhey and Rizzardo (4) have studied the substituent effects on the
photochemical irradiation of a few a0-unsaturated nitro compounds.
Irradiation of cis-a-nitrostibene in acetone caused rearrangement to the
benzil monooxime in high yield.
similar conditions gave only
acetophenone(TV).

38%

cis-a-4-Dinitrostilbene(III) under
of 2-pheny1-2-hydroxyimino-4-nitro-

Also isolated from this reaction were benzaldehyde

(19% yield), p-nitrobenzoic acid (11'0, and 5-pheny1-3-(p-nitropheny1)1,4,2-dioxazole

(6%)

(XXI).

02

CHO + 02N C5)COOH
02

•
_/
O
f•-•
u

C
\
NO2

s' ?\ 0—c
No,
,c;II
II IIH'
-0-N
0

-v

HO---N
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They suggested that c1s-a,4-dinitrosti1bene(III) yields the N-oxide
(XXII) which then breaks down to give benzaldehyde and p-nitrobenzonitrile
These products might then combine in 1,3 dipolar addition

oxide (X(III).

to yield the dioxazole (XXI).

1- 5)C HO
(
0\
iii

hv

H C-C
I
1 +- -N
}OUT

0YATTI

Irradiation of trans-a-nitro-a'-methyl stilbene led to the rapid
formation of acetonhenone (22%) and benzoic acid (21%), while a-nitroa'-phenylstilbene behaved similarly to give benzophenone (3)4%) and
benzoic acid (15%).

CHAPTER III

FYPERIMENTAL

I.

Instrumentation

The preliminary detection of the disappearance of 13-methyl-(3-nitrostyrene(I) and its derivatives on ultraviolet irradiation was followed by
thin layer chromatography using "Baker-flex" silical gel 1H-F sheets.
Ultraviolet spectra were recorded on a Cary 14 recording spectrometer.
Infrared spectra were recorded on a Perkin-Elmer model 457 spectrophotometer.

Mass spectra were obtained courtesy of Vanderbilt University,

Nashville, Tennessee.

Melting points are reported uncorrected on a

simple oil-bath melting point apparatus.

Vapor phase chromatography was

carried out on a Varian model 1720 dual colunn instrument with disc
integrator and temperature programing capability.

II.

Irradiation

All irradiations were carried out at different concentrations of
a-methyl-6-nitrostyrene(I) and its derivatives in 550 ml of 95% undenatured ethanol.

The solution was stirred magnetically and a stream of

N gas was bubbled through the solution for at least a half-hour prior
2
to the start of the irradiation.

A Hanovia type 673 A-36 550 watt medium-

pressure mercury arc lamp was used as the light source.

The lamp and

cooling jacket (pyrex) were fitted into a 550 ml capacity reaction vessel
(Ace Glass No. 6515) through a 60/50 standard taper joint.

12

The reaction

13
vessel was equipped with three side arm exits near the top to accommodate
a thermometer, a condenser, and a dispersion tube for the introduction of
gases.
Temperature of the solution was followed during irradiation by a
Cole-Farmer model 8390-3 electronic thermometer.

The flow of water

through the cooling jacket was adjusted to keep the temperature of the
solution below 40°C during the irradiation.
The progress of the reaction was followed by removing aliquots and
recording the ultraviolet spectra.

The solution for the ultraviolet

spectrophotometer was prepared by diluting 1 ml of the aliquot to 100 ml
in a volumetric flask.

The irradiation was stopped when there was no

longer a significant change in absorption in the region from 300 to 355
nm (due to the unsaturated nitro group).

III.

Vapor Phase Chromatography

Vapor phase chromatographic analysis made use of one column.

The

five foot column contained 20% SE-30 (Silicone gum rubber) on Chromosorb
W (60/50 mesh).

Constant instrument settings were:

detector temperature,

300°C; filament current, 150 milliamps; injection port temperature,
240°C; and average helium flow rate 143 ml/min.
170°C unless otherwise noted.

Oven temperature was

Retention time agreement and peak enhance-

ment with authentic samples were obtained for all assigned peaks.
Product yields were obtained by the method of Rosie and Grob (19).
The product count from the disc integrator was divided by the relative
response value to obtain a true response value.

The true value for the

product was divided by the count for the internal standard and multiplied
by 100 to obtain the mole percent of the product.

The relative response

value for each product was determined in the following manner.

A solu-

14
tion containing an X:1 mole ratio (X=1, 2 and 3) of the product and the
internal standard was prepared.

A sample of the solution was analyzed

by vapor phase chromatography and the count for the product and the
internal standard was obtained.

The relative response value being the

ratio of the product count divided by the internal standard count.
A standard method of analysis was developed for the reaction mixture following irradiation.

An internal standard was added following

irradiation for gas chromatographic analysis.

The irradiation mixture

containing the internal standard was then concentrated under reduced
pressure.

The concentrate was then analyzed or in some cases the irra-

diation solvent was removed under reduced pressure and the residue was
then taken up in acetone and analyzed.

IV. The Synthesis of a-methyl-B-nitrostyrene(I)
and Its Derivatives
(A) Synthesis of B-methyl-B-nitrostyrene(I)
The 6-methyl-13-nitrostyrene(I) was synthesized by the method of
Gairaud and Lappin (11).

Ten ml (approximate 0.1 mole) each of benz-

aldehyde and nitroethane, and 5 g of ammonium acetate were added to 50 ml
of glacial acetic acid.

The resulting solution was refluxed for three

hours and then poured into ice water.

The solid product was collected

and recrystallized several times from ethanol (6.23 g, 38.2% yield).
The melting point was 64°C-65°C [reported (11) 64°C-65°C].
(B) Synthesis of p-methyl-(3-methyl-6-nitrostyrene
sample of 12.015 g (0.1 mole) of p-tolualdehyde, 7.5 g (0.1 mole)
of nitroethane, and 5 g of ammonium acetate was added to 50 ml of glacial
acetic acid in a 250 ml boiling flask.

The solution was refluxed for

three hours and then poured into ice water.

The solid product was col-

lected and recrystallized several times from ethanol.

The product

weighed 8.65 g (yield 48.8%) with m.p. 54.5-55.5°C [reported (20)
54.5-55°C).
(C) Synthesis of p-methoxy-B-methyl-B-nitrostyrene
p-Anisaldehyde (13.615 g, 0.1 mole), nitroethane (7.5 g, 0.1 mole)
and 5 g of ammonium acetate were added to 50 ml of glacial acetic acid
in a 250 m1 boiling flask.

The resulting solution was refluxed for

three hours and then poured into ice water.

Then the precipitation of

solid appeared to be complete the mixture was chilled and the product
was collected.

The solid product was recrystallized from ethanol several

times to yield light yellow needle-shaped crystals, m.p. 45.5-46.5°C;
reported (11, 20) m.p. 44-45°C.

The yield was 9.26 g (47.9%).

(D) synthesis of p-ch1oro-8-methy1-13-nitrostyrene
The p-chloro-(3-methyl-e-nitrostyrene was synthesized by the method
of Gairaud and Lappin (11).

The p-chlorobenzaldehyde (14.06 g), 7.5

of nitroethane and 5 g of ammonium acetate were added to 50 ml of glacial
acetic acid.

The resulting solution was refluxed for three hours and

then poured into ice water.

When the contents were cooled and stirred a

yellow solid product formed immediately.

After several recrystallizationz

from ethanol the product weighed 8.30 g (yield 427) with m.p. 86-88°C
[reported (20) 81-83°C].
(E) Synthesis of p-nitro-+-methy1-f3-nitrostyrene
A sample of 15.112 g of p-nitrobenzaldehyde, 7.5 7 of nitroethane
and 5 g of ammonium acetate was added to 50 ml of glacial acid.

The

resulting solution was refluxed for eight hours and then poured into
ice water.

There was formed a solid product and a quantity of tar.

The

solid product was separated and recrystallized several times from ethanol

16
(7.48, 35.83% yield). The observed m.p. of p-nitro-Bmethyl-a-nitrostyrene was 115-116.5°C [reported (20) 114-115°C].
(F) Synthesis of rinitro-amethyl-a-nitrostyrene
A solution of 0.1 mole each of m-nitrobenzaldehyde (15.112 g),
nitroethane (7.5 g) and 5 g of ammonium acetate was added to 50 ml of
glacial acetic acid.

The solution was refluxed for eight hours and then

poured into ice water.

The solid product was collected and recrystal-

lized several times from ethanol (7.0 7, 33.65% yield).

The observed

m.p. was 55-56.5°C [reported (20) 52-55°C].

V. The Photochemistry of fe.methyl-a-nitrostyrene(I)
and Its Derivatives Under N
2
(A) Irradiation of IS-methyl-f3-nitrostyrene(I)
in 95% Undenatured Ethanol with Pyrex Immersion Well
A solution was prepared by dissolving 0.5775 g of a-methyl-fi-nitropstyrene(I) in 550 ml of 95% undenatured ethanol.

The reaction mixture

was degassed for one-half hour with N2 and the irradiation started.

The

irradiation was stopped after two hours and 0.6378 F of benzophenone added
as an internal standard.

The reaction mixture was concentrated under

reduced pressure and analyzed on a 20% SE-30 column at 170°C.

The rela-

tive value of the photoproduct (oxime) and benzophenone was 0.704.

A

standard solution containing a 1:1 mole ratio of the pure 1-pheny1-1,2propanedione-l-oxime and benzophenone in acetone was prepared for measuring the relative response factor.
analysis.

This was found to be 0.78 on VPC

The photoproduct [1-phenyl-1,2-propanedione-l-oxime(II)] was

calculated to be present in 90.27% yield.
(B) Irradiation of p-methy1-a-methvl-13-nitrostyrene
in 95% Undenatured Ethanol with Pyrex Immersion Well
A solution was prepared by dissolving 0.6766 g of p-,methyl-B-methylR-nitrostyrene in 550 ml of 95% undenatured ethanol.

The solution was
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degassed for one-half hour with N2 and the irradiation started.
sample was irradiated for two hours.

The color was observed to change

from deep yellow to a very light yellow.
dissolved in the reaction mixture.

The

Biphenyl (0.5895 g) was then

The reaction mixture was then con-

centrated under reduced pressure and analyzed on a 20% SE-30 column at
170°C.

The relative value of the photoproduct and biphenyl was 0.68.

A standard solution containing a 1:1 mole ratio of the pure 1-(p-methylpheny1)-1,2-propanedione-l-oxime and biphenyl was prepared for measuring
the relative response factor.

This was found to be 0.672 on VPC analysis.

The photoproduct (oxime) was calculated to be present in 98.85% yield.
(C) Irradiation of p-methoxy-B-methyl-B-nitrostyrene
in 95% Undenatured Ethanol with Pyrex Immersion Well
A solution was prepared by dissolving 0.675 F of p-methoxy-e-methylB-nitrostyrene in 550 ml of 95% undenatured ethanol.
passed through the solution for one-half hour.

A strew. of N2 was

The trmdiation was then

carried out for two hours under a continuous stream of N2.
0.1799 g of biphenyl was added as an internal standard.

A sample of

The reaction

mixture was concentrated under reduced pressure and the concentrate
analyzed on a 20% SE-30 column at 170°C.

The relative value of the

photoproduct (oxime) and biphenyl was 1.42.

A standard solution contain-

ing a 3:1 mole ratio of the pure 1-(p-methoxypheny1)-1,2-propanedione-1oxime and biphenyl was prepared for measuring the relative response factor.

This was found to be 1.54.

to be present in 92.2% yield.

The photoproduct (oxime) was calculated

In addition to 1-(p-methoxypheny1)-1,2-

propanedione-1-oxime and biphenyl (internal standard) two minor peaks
were also noted in the chromatogram.
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(D) Irradiation of p-chloro-13-methyl-a-nitrostyrene
in 95% Undenatured Ethanol with Pyrex Immersion Well
A solution was prepared by dissolving 0.6913 g of p-chloro-f3methy1-13-nitrostyrene in 550 ml of 95% undenatured ethanol.

The solution

was degassed for one-half hour with N2 and the irradiation started.

The

reaction was stopped after two hours irradiation and 0.1799 g of biphenyl
added as an internal standard.

The reaction mixture was concentrated

under reduced pressure and analyzed on a 20% SE-30 column at 170°C.
relative value of the product and biphenyl was 2.06.

The

A standard solution

containing a 3:1 mole ratio of the pure 1-(p-chloropheny1)-1,2-propanedione-1-oxime and biphenyl was prepared for measuring the relative
response factor, which was found to be 2.07.

The photoproduct (oxime)

was calculated to be present in 99.13% yield.
(E) Irradiation of p-nitro-B-methyl-(3-nitrostyrene
in 95% Undenatured Ethanol with Pyrex Immersion Well
A solution was prepared by dissolving 0.3 g of p-nitro-B-methyl-Snitrostyrene in 550 ml of 95% undenatured ethanol.

The solution was

degassed for one-half hour with N and the irradiation started.
2

The

reaction was stooped after two hours irradiation and 0.13 p: of fluoren-9one added as an internal standard.

The reaction mixture was concentrated

under reduced pressure and analyzed on a 20% SE-30 column at 210°C.
relative value of the product and fluoren-9-one was 0.079.

The

A standard

solution containing a 2:1 mole ratio of the pure 1-(p-nitropheny1)-1,2propanedione-l-oxime and fluoren-9-one was prepared for measuring the
relative response factor.

This was found to be 0.532.

(oxime) was calculated to be present in 14.85% yield.

The photoproduct
During the course

of the two hours irradiation the solution changed from a light yellow to
a dark brown color.

VPC analysis on a 20% SE-30 column at 210°C showed

that two major peaks, 1-(p-nitropheny1)-1,2-propanedione-l-oxime and

10
fluoren-9-one, were detected as well as p-nitrobenzaldehyde (12.46%
yield) and p-nitrobenzoic acid.

A number of very minor peaks were also

noted in the chroratogxam.
(F) Irradiation of m-nitro-B-methyl-B-nitrostyrene
in 95% Undenatured Ethanol with Pyrex Immersion Well
A solution was prepared by dissolving 0.5 g of m-nitro-fi-methyl-anitrostyrene in 550 ml of 95% undenatured ethanol.

Nitrogen

as was

passed through the solution for one-half hour and the irradiation
started.

The irradiation was stopped after three hours and 0.2166 g of

fluoren-9-one was added as an internal standard.

The reaction mixture

was concentrated under reduced pressure and analyzed on a 20% SE-30
column at 200°C.

The relative value of the photoproduct [1-(m-nitro-

pheny1)-1,2-propanedione-l-oxime] and fluoren-9-one was 0.172.

A

standard solution containing a 2:1 mole ratio of the pure 1-(m-nitropheny1)-1,2-propanedione-l-oxime and fluoren-9-one was prepared for
measuring the pelative response factor.

This was found to be 0.89.

The photoproduct (oxime) was calculated to be present in 19.34% yield.
m-Nitrobenzaldehyde (19.46%) was also detected among the products.
Several very minor peaks which were not identified were also noted in
the chromatogram.

VI. The Photochemical Synthesis of the Derivatives
of 1-pheny1-1,2-propanedione-1-oxime(II) Under N2
(A) Synthesis of 1-(p-methylpheny1)-1 2propanedione-l-oxime
A 2 g sample of p-methyl-43-methyl-a-nitrostyrene was added to 550
ml of 95% undenatured ethanol.

The solution was degassed for one-half

hour with N and the irradiation started.
2
three hours.

The reaction was stopped after

The solvent was removed under reduced pressure and the
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residue recrystallized several times from ethanol (1.0 g, 50% yield).
The observed melting point of the white oxime was 166-167.5°C [reported
(12) 161-162°C].
(B) Synthesis of 1-(p-nethoxypheny1)-1,2-propanedione-l-oxime
A solution was prepared by dissolving 2 g of p-methoxy-B-methyl-f3nitrostyrene in 550 ml of 95% undenatured ethanol.

The solution was

degassed for one-half hour with N and the irradiation started.
2
total irradiation time was three hours.
and decolorized.

The

The solution was concentrated

The concentrate was then cooled in an ice bath to yield

a crystalline product.

After recrystallization from ethanol the white

oxime weighed 1 g (50% yield) with a m.p. of 154-156°C [reported (12)
152-153°C].
(C) Synthesis or 1-(p-chloropheny1)-1,2-propanedione-l-oxime
The standard solution of p-chloro-f3-methyl-a-nitrostyrene (2 g) in
550 ml of 95% undenatured ethanol was prepared and irradiated in the same
manner as previously described.

The solution was concentrated under

reduced pressure and decolorized.

The concentrate was cooled in an ice

bath to yield a crystalline product.

After recrystallization from

ethanol the white oxime weighed 0.76 g (38% yield).

The observed melting

point of the oxime was 182-184°C [reported (12) 174°C].
(2) Synthesis of 1-(p-nitropheny1)-1,2-propanedione-l-oxime
A 2 g sample of p-nitro-a-methyl--nitrostyrene was added to 550 ml
of 955 undenatured ethanol.

The solution was degassed for one-half hour

with N and the irradiation started.
2

After a three hour irradiation

period, the solution was concentrated under reduced pressure and decolorized.

The concentrate was cooled in an ice bath to obtain a crystalline

product.

The white oxime was recrystallized and collected from ethanol

(0.5 g, 25% yield).

The observed melting point was 213-214°C.
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(E) Synthesis of 1-(m-nitronheny1)-1,2-propanedione-l-oxime
A solution was prepared by dissolving 2 g of m-nitro-B-methyl-t3nitrostyrene in 550 ml of 95% undenatured ethanol.

The solution was

irradiated under the same conditions as mentioned previously.

The

reaction mixture was concentrated and the product obtained was recrystallized from ethanol.

The yield of 1-(m-nitropheny1)-1,2-propanedione-

1-oxime (0.15 g) was 7.5%.

The observed melting point for the oxime was

161-164°C.

VII. Kinetics Studies of the Photochemistry of
13-methyl-a-nitrostyrene and Its Derivatives Under N2
(A) Photochemical

earrangement of a-methyl-a-nitrostyrene(I)

A solution of 0.0035 mole of a-methyl-a-nitrostyrene(T) was dissolved in 550 ml of 95% undenatured ethanol.

The solution was stirred

continuously and a stream of N2 passed through the solution prior to (at
least one-half hour) and during the irradiation.
time was 90 minutes.

The total irradiation

The solution for the ultraviolet spectrophotometer

was prepared by diluting 1 ml of aliquot sample (which was withdrawn every
fifteen minutes during the irradiation) zo 100 ml with 95% undenatured
ethanol.

Analysis of the reaction mixture by ultraviolet spectroscopy

clearly showed the disappearance of the band at 305 nm and the formation
of a new band at 250 nm.

The 305 nm band rapidly disappeared during the

first half hour of irradiation (Figure I).

The rate constant (6.12 v

-2
10 ) of this disappearance was obtained by plotting log A vs time
(Figure 'VII).

The half-life was calculated to be 10.5 minutes.

This

value was confirmed by plotting A vs time (0
:
2 = 10.0 minutes) (Table
XII).
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(B) Photochemical Rearrangement of
p-inethyl-f3-methyl-fi-nitrostyrene
A solution of 0.0035 mole of p-methyl-P,-methyl-a-nitrostyrene was
irradiated for 90 minutes as described previously.

The ultraviolet

spectroscopy showed that the band at 321.5 nm rapidly decreased and had
disappeared within 45 minutes.
II).

A new band at 260 nr was formed (Firure

The rate constant (9.21 x 10-2) was obtained by plotting log A vs

time (Figure VIII).
(Table XII).

The half-life was calculated to be 7.524 minutes

This was confirmed by plotting A vs time (t = 7.5 minutes).

7

(C) Photochemical Rearrangement of
p-methoxy-a-methv1-(3-nitrostyrene
A solution of 0.0035 mole of p-rethoxy-P-methyl-t3-nitrostyrene was
prPpared as previously described.

The solution was degassed and irradi-

ated in the standard manner for 90 minutes.

The ultraviolet spectrum was

recorded for each aliquot sample as the reaction progressed.
tion at 355 mm was shown to quickly disappear.

The absorp-

The band at 272.5 mm was

shown to increase to a maximum after 90 minutes (Fire III).

The inte-

grated form of the first-order equation provided us with a simple graphical method of representation (Figure IX), in which log A was plotted as
a Punction of time.

-2
The specific rate constant (6.99 x 10 ) was measured

from the slope of this line.

The half-life was found to be 9.914 minutes

-7
- = 9.8 minutes).
which was confirmed by plotting A vs time (t?

p-chloro

(D) Photochemical Rearrangement of
-methyl--(3-nitrostyrene

A solution of 0.0035 mole of p-chloro-8-methy1-13-nitrostyrene in

95% undenatured ethanol was irradiated in the standard manner for 90
minutes.

Ultraviolet studies of the aliquot samples showed the band at

307.5 nm (due to the unsaturated nitro group) to be disappearing quickly.
The new band was found at 257.5 mm (Figure IV).

The specific rate con,-
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stant of disappearance of the unsaturated nitro group was 6.14 x 10-2.
The half-life of this rearrangement was found (Figure X) to be 11.29
1
minutes which was checked by plotting A vs time (t7
= 11 minutes).
(E) Photochemical Rearrangement of
p-nitro-a-methyl-B-nitrostyrene
A solution was prepared by dissolving 0.0035 mole of p-nitro-Bmethyl-a-nitrostyrene in 550 ml of 95% undenatured ethanol.

The solution

was degassed with N2 for half hour and irradiation started.

Aliquots

were removed during the progress of the irradiation and 1 ml of the aliquot was diluted to 120 ma with 95% undenatured ethanol and the ultraviolet spectrum was recorded (Figure V).

The band at 302.5 nm seemed to

disappear more slowly than was observed in the previous examples.

One

does not obtain a straight line when log A is plotted against time
(Figure XI).

The graphical representation would seem to ' ZZLL:ate that

this reaction is a more complicated process.
by plotting A vs tire

The half-life was obtained

= 30 minutes).

(F) Photochemical Rearrangement of
m-nitro-Smethyl-a-nitrostvrene
A 0.0035 mole sample of m-nitro-f3-methyl-a-nitrostyrene was dissolved in 550 ma of 95% undenatured ethanol.

The solution was degassed

with N and irradiated in the manner previously described for three
2
hours.

The progress of the irradiation wac followed by withdrawing

aliquot samples and diluting 1 ml of aliquot to 100 ml with 95% undenatured ethanol.
fairly slow.

The rate of disappearance of the band at 300 nm was

The ultraviolet spectrum is shown in Figure VI.

this is not a simple first-order reaction (Figure XII).

Evidently,

The half-life of

this process was determined to be 24 minutes by plotting A vs the time.

CHAPTER IV

RESULTS

The most satisfactory reneral procedure for the synthesis of
a-methyl-a-nitrostyrene(I) and its derivatives was found to be the
method of Gairaud and Lappin (11).

A solution of approximately 0.1 mole

of aldehyde, 0.1 mole of nitroalkane, 5 g of ammonium acetate and 50 ml
of glacial acetic acid was prepared.

The resulting solution was then

refluxed for three hours (except p-nitro and m-nitro-a-methyl-a-nitrostyrene).

The recrystallized yield of the different styrenes and their

melting points are summarized in Table I, page 27.

A refluxing time of

two hours for the synthesis of p-nitro-S-methyl-a-nitrostyrene (according to the method of Gairaud and Lappin) gave a dark brown oil which
could not be made to crystallize.
eight hours gave the solid nroduct.
from ethanol.

An increase in refluxing time to
It was collected and recrystallized

The m-nitro-a-methyl-a-nitrostyrene was prepared by the

same procedure.

The observed melting point of p-chloro--methyl-B-nitro-

styrene was 5-6° higher than the literature value (20).
A standard technique (3) for the irradiation and analysis of a
solution of a-methyl-6-nitrostyrene(I) or its derivative has been developed.

Response factors have been determined for the different styrenes

with different internal standards according to the method of Rosie and
Grob (19).

These are given in Table III, page 29.

A solution of 13-

methyl- -ndtrostyrene(I) or Its derivative was irradiated for one and
one-half to three hours with a Hanovia 550 watt mercury arc lamp.
24

A

25
pyrex filter (immersion well) which transmits most of incident light
above 300 nm was employed in every case.

The yields of the different

oximes were obtained using 95% undenatured ethanol as the irradiation
solvent.

The disc integrator data used to calculate yields of the

different oximes is summarized in Table TV, page 3n.
P solution of approximately 2 g of a-methyl-B-nitrostyrene(I) or
its derivative was irradiated under standard conditions for three hours.
The photoproducts were then concentrated under reduced pressure and
crystallized from ethanol.

The recrystallized yield and melting point

of the different oximes are given in Table II, nage 28.

As mentioned

previously, the 1-(p-nitropheny1)-1,2-propanedione-1-oxime and 1-(mnitropheny1)-1,2-propanedione-l-oxirre have not been previously reported
in the literature.

These compounds were isolated by photochemical re-

arrangement and their yields were found to be fairly low.

The 1-(p-

nitropheny1)-1,2-propanedione-l-oxime was obtained in approximately 25%
yield after recrystallization from ethanol with a melting point of 213214°C.

The l-(m-nitropheny1)-1,2-propanedione-l-oxime was isolated in

approximately 7.5% yield after recrystallization from ethanol with a
melting point of 161-164°C.
The relative photochemical reactivity of B-methyl-e-nitrostyrene(I)
and some of its derivatives was also investigated.

A solution of 0.0035

mole of a-methyl--nitrostyrene(I) or its derivative in 550 ml of 95%
undenatured ethanol was irradiated for one and one-half or three hours.
The progress of the reaction was followed by recording the ultraviolet
spectrum.

The results are shown in Figures I-VT, page 31 to 36.

The

spectral data for 6-methyl-6-nitrostyrene(I) and its derivatives are
sumnrized in Tables \T-XI, page 37 to 43.
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From this data it can be seen that the unsaturated nitro group is
disappearing with increasing irradiation time.

The specific rate and

half-life of rearrangement of a-methyl--nitrostyrene(I) and its derivatives are summarized in Table XII, page 50.

The disappearance of p-

methyl, p-methoxy, p-chloro or unsubstituted (3-methy1-e-nitrostyrene is
apparently a first order reaction according to the graphs (Figure VIIXII), page 44 to 49.

The disappearance of p-nitro or m-nitrostyrene is

apparently a more complicated process.
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TABLE I

SYNTHESIS OF SUBSTITUTED 0-METHYLH3-NITROSTYRENES

No.

R

Yield

NO. (°C)

H

48%

64-65

48.8%

Mp. (°C) Lit. Appearance

Formula

light yellow
large needles

c9H9NO2

54.5-55.5 54.5-55

light yellow
needles

C10H11NO2

yellow green
needles

C10H11NO3

deep yellow
needles

c HC1NO
9
2

deep yellow
small plates

C9H8N204

light yellow
fine needles

C9H8N204

64-65

TI

14-CH3

III

4-cH 0 47.9%
3

45.5-46.5 44145

rv

4-ci

42%

86-87

V

4-NO2

35.83% 115-116.5 114-115

Vi

3-NO2

33.65%

55-56.5

81-83

52-55
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TABLF II
SYNTHESIS OF SUBSTITUTED 1-PHE2YL-1,2-PR0PANEDIONT-1-OXIMFS

No.

R

Yield

Mp. (°C)

Mp. (°C) Lit.

Appearance

Formula

bright white
small plates

C H NO
9 9 2

II

4-CH
3

50%

166-167.5

161-162

white small
plates

C H NO
10 11 2

III

4-CH30

50%

154-156

152-153

white small
plates

C H NO
10 11 2

Iv

4-c1

38%

182-184

174

white small
plates

C H C1NO
9 8
2

V

4-NO
2

25%

213-214

white fine
needles

C H N 0
9 8 2 4

VI

3-NO
2

161-164

dark brown
small plates

C H N 0
98 24

7.5%
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TABLE III
RESPONSE FACTOR FOR SUBSTITUTED 1-PHENYL1,2-PROPANEDIONE-1-0YIMES

moles ratio
(pure oxime
`internal standard)

Response Factor

No.

R

Internal Standard

I

H

Benzcphenone

1:1

0.78

II

4-CH
3

Biphenyl

1:1

0.68

III

4-CH 0
3

Biphenyl

3:1

1.54

IV

4-C1

Biphenyl

3:1

2.07

V

4-NO
2

Fluoren-9-one

2:1

0.53

VT

3-NO
2

Fluoren-9-one

2:1

0.89
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TABLE IV
YIELD OF OXIMES OBTAINED (VPC ANALYSIS) BY
IRRADIATION OF THE CORRESPONDING S
V

moles ratio
(photoproduct oxime\
'internal standard'

No.

Yield of Oxime

I

H

0.704

90.27%

II

4-CH
3

0.67

98.85%

III

4-CH 0
3

1.42

92.20%

IV

4-ci

2.06

99.13%

V

4-NO
2

0.079

14.76%

VI

3-NO
2

0.172

19.34%

1.0

0.9-

0.80.7

•

A

0.5

220

2110

-277
-210

300

320

340

(nn)
FIGURE I
Photochemistry of B-methyl-a-nitrostyrene(I) in 95% undenatured
(Conc. = 6.364 x 10-5 M)
ETOH uric'r N
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FIGURE II
Photochemistry of p-methyl-B-methyl-a-nitrostyrene in 95% unde(Conc. = 6.364 x 10-5 m)
natured ETOH under N
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FIGURE III
Photochemistry of p-methoxy-0-methy1-s-nitrostyrene in 95%
undenatured ETOH under N
(Conc. = 6.364 x 10-5 M)
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FIGURE TV
Photochemistry of p-chloro-Bmethyl-a-nitrostyrene in 95%
undenatured ETOH under N (Conc. = 6.364 x 10-5 M)
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FIGURE V
Photochemistry of p-nitro-0-methy1-8-nitrostyrene in 95%
undenaturad ETOH under N
(Conc. = 5.3 x 10-5 M)
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FIGURE VI
Photochemistry of m-nitro-B-methyl-(3-nitrostyrene in 95% undenatured ETOH under N
(Conc. = 6.364 x 10-5 M)
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TABLE V
SPECThA OF SUBSTITUTED 8-METHYLH3-NITROSTYRENE
AND CORRESPONDING OXIMES OBTAINED ON IRRADIATION

No.

R

I

H

II

Styrene (unsaturated NO2)
4
x
E X 10max(nm)

Oxime
max(nm)

305

1.10

250

4-CH

321.5

1.23

260

TIT

4-CH 0
3

355

1.40

272.5

IV

4-01

307.5

1.24

247.5

4-NO
2

302.5

1.64

285

3-NO
2

300.0

0.96

245

3
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TABLE VI
SPECTRUM OF 8-METHYL-O-N1TROSTYRE2E(I) AFTER ONE
AND ONE-HALF HOURS IRRADIATION
(Conc. = 6.364 x 10-5 M)

Time

Absorption (disappearance) of
unsaturated NO group at 305 nm
2

log A

0

0.70

-0.1549

15

0.21

-0.6778

30

0.08

-1.0969

4c)

0.02

-1.6990

0.012

-1.9210

0.005

-2.3000

0.005

-2.3000
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TABTF VII
SPECTRUM OF p-METHYL-8-YEML-a-ITITROSTYRENE
AFTER ONE AND ONE-HALF HOURS IRRADIATION
(Conc. = 6.364 x 10-5 M)

Time

Absorption (disappearance) of
unsaturated NO .group at 321.5 nm
2

lag A

0

0.780

-0.1079

15

0.170

-0.7700

30

0.045

-1.3468

45

0.012

-1.9210

60

0.012

-1.9210

75

0.010

-2.000

90

0.010

-2.000
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TABLE VIII
SPECTRUM OF p-METITOXY-a-KETHYL-fi-NIPHOSTYRENE
AFTER ONE AND ONE-HALF HOURS IRRADIATION
(Conc. = 6.36)4 x 10-5 M)

Time (min)

Absorption (disappearance) of
unsaturated NO group at 355 nm
2

log A

0

0.890

-0.0506

15

0.280

-0.5528

30

0.132

-0.8794

/45

0.042

-1.3768

60

0.012

-1.9210

75

0.010

-2.000

0.010

-2.000

TAIIT F IX
SPECTRUM OF p-CHLORO-a-MFTEYL,8-NITROSTYRENE
AFTER ONE AND ONE-HALF HOURS IRRADIATION
(Conc. = 6.364 x 10-5 9)

Time

Absorption (disappearance) of
unsaturated NO group at 307.5 nm
2

lop; A

0

0.788

-0.1035

15

0.315

-0.5017

30

0.140

-0.8539

0.050

-1.3010

60

0.020

-1.6990

75

0.020

-1.6990

90

0.020

-1.6990
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TABLE X
SPECTRUM OF p-NTTRO-13-METHYL-f3-NITROSTYRENE
AFTER THREE HOURS IRRADIATION
(Conc. = 5.3 x 10-5 m)

Time (min)

Absorption (disappearance) of
unsaturated NO group at 302.5 nm
2

log A

0

0.868

-0.0615

i5

0.712

-0.1475

30

0.672

-0.1726

45

0.638

-0.1952

60

0.623

-0.2055

75

0.570

-0.2441

90

0.555

-0.2557

105

0.540

-0.2676

120

0.530

-0.2757

135

0.520

-0.2840

150

0.540

-0.2676

165

0.540

-0.2676

180

0.475

-0.3233

I-
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TABLE XI
SPECTRUM OF m-MITRO-B-METHYL,$-NITROSTYRENE
AFTER THREE HOURS IRRADIATION
(Conc. = 6.364 x 10-5 M)

Ti-ne (min)

Absorption (disappearance) of
unsaturated NO group at 300 nm
2 -

1og A

0

0.61

-0.2147

15

0.33

-0.4815

30

0.285

-0.5452

45

0.24

-0.6198

60

0.21

-0.6778

75

0.18

-0.7447

90

0.155

-0.8097

105

0.14

-0.8539

120

0.095

-1.0223

135

0.085

-1.0701

150

0.08

-1.0969

165

0.08

-1.0969

180

0.08

-1.0969

First-order plot for the irradiation of 8-methyl-B-nitrostyrene(I)

30

60

90

T (min)
FIGURE VIII
First-order plot for the irradiation of
p-methyl-(3-methyl-a-nitrostyrene

plot for the irradiation of
p-methoxy-a-methyl-B-nitrostyrene

""

•

-2.11 I

30

I

60
T (min)

I

90

FIGURE X
First-order plot for the irradiation of
p-chloro-0-methyl-B-nitrostyrene

First-order plot for the irradiation of
p-nitro-8-methyl-a-nitrostyrene

-0.8-

3o

6

90

T (min)
FIGURE XII
First-order plot for the irradiation of
m-nitro-B-methyl-(3-nitrostyrene
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TABLE XII
THE SPECIFIC RATE CONSTANT AND HALF-Llrh FOR THE
REARRANGEMENT OF 8-METHYL-8-N1TROSTYRE2'JE(I) AND
'TS DERIVATIVES ON IRRADIATION
(Conc. = 6.364 x 10-5 M)

No.

R

Rate (x10-2)

Half-life (min)
log A vs time

Half-life (min)
A vs time

I

H

6.58

10.53

10.00

II

4-CI3

9.30

7.50

7.50

In

4-cH 0
3

7.02

9.90

9.80

Iv

4-cl

6.14

11.29

11.00

V

4-NO
2

-

-

30.00

VI

3-NO
2

-

-

24.00

CHAPTER V

DISCUSSION

The nature of the aldehyde to be used and whether it is to be condensed with nitroethane or ndtromethane determines which of the various
procedures is best suited for the synthesis of any particular 13-nitrostyrene.

Nitroethane does not condense well with aromatic aldehydes

using the method of Thiele and Worrall (5, 6).
Reaction times of one week were corlmon for the condensation between
certain aromatic aldehydes and nitroethane using a small amount of a
primary amine as the catalyst.

B-Yethyl-e-nitrostyrene(I) was success-

fully prepared using n-butylamine as a catalyst by the method of H. B.
Hass (8).

This method is not successful when one attempts to condense

p-nitrobenzaldehyde (or m-nitrobenzaldehyde) with nitroethane to prepare
p-nitro-$-methy1-6-nitrostyrene (or r-nitro-S-methyl-e-nitrostyrene).
The resulting solution obtained contained a dark brown tar.

A Schiff's

base method (21) was employed for synthesis of p-nitro-a-methyl-B-nitrostyrene.

A solution of p-nitrobenzaldehyde, n-butylamine and benzene

in a boiling flask was attached to a water separator and refluxed until
the theoretical amount of water had been collected.
removed by distillation.

The solvent was then

The crude Schiff's base was mixed with nitro-

ethane and glacial acetic acid.

The product failed to crystallize until

the resulting solution was refluxed for 10 minutes and cooled.

The p-

nitro-a-methyl-13-nitrostyrene was obtained in a fairly poor yield using
Schiff's base.
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Gairaud and Lappin (11) found a more general method for synthesis
of various nitrostyrenes.

For the synthesis of a-methyl-a-nitrostyrene(I)

and its derivatives, this procedure has been modified by increasing refluxing time.

p-Tolualdehyde (anisaldehyde or p-chlorobenzaldehyde) (with

nitroethane and ammonium acetate) was refluxed for three hours (eight
hours for p-nitrobenzaldehyde and m-nitrobenzaldehyde).

A number of

a-methyl-a-nitrostyrenes, some of which have not been synthesized previously by this method, are listed in Table I.

The styrenes reported In

Table T have been recrystallized several times *'rom ethanol so that the
pure styrenes were obtained in moderate yields and had melting points
somewhat higher than literature.

The actual yields of the crude styrenes

that we prepared were higher than those listed in Table I.

The method

of Gairaud and Lappin provided us with an excellent procedure for the
synthesis of a-methyl-a-nitrostyrene(I) and its derivatives by adjusting
the reflux time reauired.
In order to have products for VPC analysis, it was necessary to
synthesize the 1-phenyl-1,2-propanedione-l-oxime derivatives having
various substituents at the 4 position on the phenyl ring.

There are

two important methods for the preparation of the derivatives of 1-nheny11,2-propanedione-l-oxime(II).
by W. Borshe (12).

The conventional procedure was developed

Long reaction times for the synthesis of the oximes

are required and the yields are fairly low.

Khalaturnik and co-workers

(14) prepared aroylalkylenecarbonyl-a-oxime triphenylphosphoranes and
hydrolyzed them to form oximes.

This procedure for the synthesis of the

oximes is fairly complex.
A new method for the synthesis of 1-pheny1-1,2-propanedione-l-oxime
(II) and its derivatives has been employed by irradiation of corresponding
styrenes.

Various B-methyl-a-nitrostyrenes were synthesized by the method
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of Gairaud and Lappin (11).

A series of irradiations were then carried

out using the different a-methyl-B-nitrostyrenes.

Oximes were collected

and recrystallized several tines from ethanol (Table II).
The 1-(p-nitropheny1)-1,2-propanedione-l-oxime and 1-(m-nitropheny1)1,2-propanedione-l-oxime (which have not been previously reported) were
obtained in fairly low yield by rearrangement of the corresponding styrene.

Most of the oximes synthesized photochemically have been isolated

in moderate yields (40%-60%) since they were recrystallized several times
from ethanol in order to obtain the pure oximes.

The melting points are

somewhat higher than literature values (Table II).

This appears to be

useful as a general synthesis for the preparation of this type of oxime.
It also has the advantage of being faster and less complex than those
methods previously reported.
None of these 13-methyl-a-nitrostyrenes listed in Table I have been
previously irradiated [except a-methyl-B-nitrostyrene(I)].

A solution of

p-methyl-fi-methyl-E3-nitrostyrene in 95% ethyl alcohol was irradiated in
pyrex under nitrogen gas for two hours.

Gas chromatographic analysis of

the reaction mixture revealed the presence of 1-(p-methylpheny1)-1,2propanedione-l-oxime in approximately 98.85% yield.

Irradiation of p-

methoxy-s-methyl-a-nitrostyrene and p-chloro-8-methyl-(3-nitrostyrene in
95% ethyl alcohol was found to yield 1-(p-methoxypheny1)-1,2-propanedione1-oxime and 1-(p-chloropheny1)-1,2-propanedione-l-oxime in 92.2% and

99.13% yields respectively. These yields are slightly higher than that
found for 1-phenyl-1,2-propanedione-l-oxime(II) (90.27% yield).

It would

seem that the substituent effects on the rearrangement of 3-nethyl-Bnitrostyrene(I) are rather small in most cases (except nitro group attached on the phenyl ring).

This leads us to believe that irradiation of
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a-methyl--nitrostyrenes can be considered as a general process for
synthesis of this type of oxime.

This process might be applied widely

for synthetic purposes.
It is interesting to note that the electron-releasing groups
attached at para position of the phenyl ring promoted the nitro-nitrite
rearrangement and electron-withdrawing groups attached at the para or
meta position of the phenyl ring inhibited this rearrangement and gave
some fragmentation.

Pinhey and Pizzardo (4) irradiated cis-a-nitro-

stilbene which was converted in high yield to benzil monooxime while
cis-a,4-dinitrostilbene(III) under similar conditions gave only 38% of
the a-isomer of 2-phenyl-2-hydroxyimino-4'-nitroacetophenone(IV).
Benzaldehyde (19%) and p-nitrobenzoic acid (11%) were also isolated from
this irradiation.

Irradiation of a-methy1-13-nitrostyrene(I) in 95%

undenatured ethanol for two hour under a continuous stream of M2 followed
by gas chromatographic analysis of the reaction mixture after concentration under reduced pressure rave 1-phenyl-1,2-propanedione-l-oxime(II)
in 90.27% yield.

Under similar conditions, irradiation of p-nitro-S-

methyl-a-nitrostyrene gave only 14.85% cf 1-(p-nitropheny1)-1,2-propanedione-l-oxime.

p-Mitrobenzaldehyde (12.)46%) and p-nitrobenzoic acid

(7.43%) were also found on G.C. analysis.

Irradiation of m-nitro-P—

methy1-6-nitrostyrene under the same conditions produced 19.34% of 1-(mnitropheny1)-1,2-propanedione-l-oxime, 19.46% of m-nitrobenzaldehyde and
a quantity of m-nitrobenzoic acid which was not measured on the G.C.

The

observation that the nitro r,-roup inhibits formation of oxime on irradiation and promotes the fragmentation to produce aldehyde and acid is in
complete agreement with the work of Pinhey and Rizzardo (4).
The reasons for the formation of low yields of 1-(p-nitropheny1)1,2-propanedione-l-oxlme and 1-(m-nitropheny1)-1,2-propanedione-1-oxime

on irradiation is not clear.

It is possible that there is a competition

between aromatic nitro group attached at nara or meta position and unsaturated (3-nitro group during the irradiation.

There is no evidence to

show that the absorption of nitro group on the nhenyl ring is 80% higher
than the unsaturated nitro group at the wavelength at which irradiation
was carried out.

The commonly accepted mechanism of nitro-nitrite photo-

rearrangement of 13-methyl-13-nitrostyrene(I) postulated by Chapman involves
several steps shown below:
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For this mechanism one might expect electron-withdrawing groups in
the nara position on the phenyl ring to stabilize the benzylic type radical and promote the rearrangement while electron-donating groups on the
phenyl ring might inhibit the rearrangement.

This work coupled with that

of Pinhey and Rizzardo (4) suggests that the excited state or intermediate
leading to oxime formation may well be electron-deficient since electrondonating groups do not appear to hinder rearrangement and may well promote oxime formation.

Additional work needs to be done with a number of

withdrawing groups and donating groups on the phenyl ring to check this
idea.
Although it is desirable to follow the appearance of the oxime band
in the UV it is experimentally easier to follow the disappearance of the
unsaturated nitro group.

number of other groups are found to absorb

at or near the oxime band in the UV.

The nitro group of the B-methyl-s-

nitrostyrenes with an electron-releasing group at para position of the
The

phenyl ring disappeared rapidly during irradiation (Figure 1-VI).

specific rate constant and half-life of disappearance of NO2 band are
listed in Table XII.

The data would seem to indicate that the disappear-

ance of the nitrostyrene is a first order reaction.
life was confirmed by plotting A vs time.

The calculated half-

For the irradiation of p-nitro-

a-methyl-a-nitrostyrene and m-nitro-a-methyl-t3-nitrostyrene, the disanpearance of nitro band (due to the nitro group at unsaturated
was considerably slower than in the previous examples.

--carbon)

The order of

reaction was found not to be sirple first order, second order or third
order by plotting log A vs T, 1/A vs T and 1/A2 vs T respectively.

This

observation coupled with the observation of fragmentation products suggests that we have competing reactions occurring in these cases.

It would

appear from gas chromatographic analysis of the products and from the
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kinetic data that the nitro group on the phenyl ring at the meta and
para position inhibits rearrangement and subsequent oxime formation.
if course, we need more evidence to provide support for this postulation.

It will be desirable to irradiate the p-CF3, p-CN, p-COOH, or

p-CHO a-methyl-a-nitrostyrene derivatives and calculate the yield of
corresponding oxime and measure the rate of disappearance of the nitro
band.

If these substituents also inhibit the formation of oximes and

promote fragmentation, then the assumption that electron-withdrawing
groups inhibit the nitro-nitrite rearrangement would seem to be sound.

CHAPTER VI

SUMMARY

In order to investigate the substituent effects on the photochemical
rearrangement of (3-methy1-6-nitrostyrene(I), a series of P-methyl-B-nitrostyrenes have been prepared by the method of Gairaud and Lappin (11).
The conventional methods for synthesis of 1-pheny1-1,2-propanedione1-oxime(II) and its derivatives are fairly complicated, time consuming,
and often give rather low yields (about 20%).

A new technique has been

developed for synthesis of 1-phenyl-1,2-propanedione-l-oxime(IT) and its
derivatives by irradiation of the corresponding styrene.

The yields of

the corresponding oximes (analyzed on C.C.) were almost auantitative
(90-100%) [except 1-(p-nitropheny1)-1,2-propanedione-l-oxime and 1-(mnitropheny1)-1,2-propanedlone-l-oxime].

The isolated oximes were reported

in moderate yields (40-60%) since these compounds were recrystallized
several times from ethanol for the purpose of analysis.

It has been

found that irradiation of the styrene is a very simple and general procedure for synthesis of several oximes of this particular type.
None of these compounds (p-CH3, p-CH30, p-C1, p-NO2, and m-NO2-0methyl-ti-nitrostyrene) have been previously irradiated.

In all cases

(except nitro group on the phenyl ring), substituent effects on the
rearrangement to oximes are fairly small.

This would seem to imply that

the postulated intermediate was not significantly affected by adding a
substituent on the phenyl ring.

It is possible that the intermediate has

a mood deal of positive character since the nitro group (a strong, electron-
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withdrawing group) does appear to inhibit the rearrangement and promoted
formation of the con sponding acid and aldehyde.

It is also probable

that the nitro group on the phenyl ring introduces competing reactions
and thus inhibits the rearrangement to oximP.
The results of kinetic studies also showed that

-methyl---nitro-

styrene(I) (p-CH3, p-CH30, or p-Cl a-methyl-t3-n1trostyrene) has a faster
rate of disappearance of the unsaturated nitro group on the irradiation
than the p-nitro (m-nitro)-8-methy1-13-nitrostyrene.

While the disappear-

ance of the unsaturated nitro group gave a nice first order plot in most
cases, the disappearance of the band in the case of the p-nitro and mnitro derivatives is much more complicated.

BIBLIOGRAPHY

1.

O. L. Chapman, A. A. Griswold, E. D. Hoganson, G. Lenz, and J. W.
Reasoner, J. Pure App. Chem., 9, 585 (1964).

2. 0. L. Chapman, P. G. Cleveland, and E. D. Hoganson, Chem. Commun.,
101 (1966).
3.

P. H. Chen, M.S. Thesis, Western Kentucky University, 1974.

4.

J. T. Pinhey and E. Rizzardo, Tetrahedron Letters, 4057 (1973).

5. J. Thiele, Ber., 32, 1293 (1949).
6. D. E. Worrall, Org. Syntheses Coll. Vol. 1, John Wiley and Sons Inc.,
New York, N.Y., 1941, p. 413.

7. Knoevenagel and L. Walter, Ber., 37, 4502 (1904).
8. H. B. Hass, A. G. Susie and R. L. Heider, J. Org. Chem., 15, 8 (1950).
9. D. E. Worrall and L. Cohen, J. Am. Chem. Soc., 66, 842 (1945).
10.

H. Burton and J. A. Duffield, J. Chem. Soc., 78 (1949).

11.

C. B. Gairaud and G. R. Lappin, J. Org. Chem., 18, 1-3 (1953).

12.

W. Borsche, Ber., 40, 737

13.

C. Philipp, Ann., 523, 285 (1936).

14.

M. V. Khalaturnik, M. I. Schevckuk, Dombrovskii, Zh. Abshch. Klim.,
42(5), 992 (1972).

15.

R. Hunt, S. T. Reid, and K. T. Taylor, Tetrahedron Letters, 2861

(1972).
16. A. L. Bluhm and J. Weinstein, J. Am. Chem. Soc., 87, 5511 (1965).
17.

O. L. Chapman, D. C. Heckert, J. W. Reascier, and S. P. Thackabery,
J. Am. Chem. Soc., 88, 5550 (1966).

18. Y. L. Chow, N. S. Tam, C. J. Colon, and K. S. Pillay, Can. J. Chem.,
51, 2469 (1973).
19. D. M. Rosie and A. Grob, Anal. Chem., 31, 230 (1959).

60

61
20.

K. W. Kraus, R. J. Dolter, G. E. Petrowski, R. T. Bogan, R. J.
Buenker, J. E. Plamondon, J. J. Miller, D. L. Whalen, and
D. J. Koopman, Iowa Academy of Science, 76, 127 (1969).

21.

D. N. Robertson, J. cla. Chem., 25, 471 (1960).

